Abstract. The motivation of this paper is to present a new and interesting notion of intuitionistic fuzzy n-normed linear space. Cauchy sequence and convergent sequence in intuitionistic fuzzy n-normed linear space are introduced and we provide some results on it. Furthermore we introduce generalized cartesian product of the intuitionistic fuzzy n-normed linear space and establish some of its properties.
Introduction
In [10, 11] , S. Gähler introduced an attractive theory of 2-norm and n-norm on a linear space. A systematic development of an n-normed linear space has been extensively made by S. S. Kim and Y. J. Cho [15] , R. Malceski [17] , A. Misiak [18] and Hendra Gunawan [13] . In [13] , Hendra Gunawan and Mashadi gave a simple way to derive an (n − 1)-norm from the n-norm and realized that any n-normed space is an (n − 1)-normed space. A detailed theory of fuzzy normed linear space can be found in [5, 6, 7, 8, 9, 14, 16, 21] . In [19] , we have extended n-normed linear space to fuzzy n-normed linear space. The origin and development of intuitionistic fuzzy set theory can be found in [1, 2, 3, 4, 12] .
The purpose of this paper is to introduce the notion of intuitionistic fuzzy n-normed linear space as a further generalization of fuzzy n-normed linear space [19] . Cauchy sequence and convergent sequence in intuitionistic fuzzy n-normed linear space are introduced. The generalized cartesian product of the intuitionistic fuzzy n-normed linear spaces is introduced and we provide some results on it.
Preliminaries
This section is devoted to the collection of basic definitions and results which will be needed in the sequel. ( 
Definition 2.5 ( [13] ). An n-normed linear space is said to be complete if every Cauchy sequence in it is convergent. Definition 2.6 ( [19] ). Let X be a linear space over a field F . A fuzzy subset N of X n × R (set of real numbers) is called a fuzzy n-norm on X if and only if : 
Definition 2.11 ([13] ). If A and B are any two intuitionistic fuzzy sets of a non-empty set E, then A ⊆ B if and only if for all
Definition 2.12 ( [12] ). Let A and B be intuitionistic fuzzy sets in E 1 and E 2 respectively. Then the generalized cartesian product
T denotes the t-norm and S denotes the t-co-norm.
Intuitionistic fuzzy n-normed linear space
By generalizing Definition 2.6 we obtain a new and interesting notion of intuitionistic fuzzy n-normed linear space as follows: Definition 3.1. An intuitionistic fuzzy n-normed linear space (or) in short i-f-n-NLS is an object of the form
where X is a linear space over a field F , * is a continuous t-norm, is a continuous t-co-norm and N, M are fuzzy sets on X n × (0, ∞), N denotes the degree of membership and M denotes the degree of non-membership of (x 1 , x 2 , . . . , x n , t) ∈ X n × (0, ∞) satisfying the following conditions:
To strengthen the above definition, we present the following example. 
(vi) Without loss of generality assume that,
Therefore,
But,
(xii) Without loss of generality assume,
.
Similarly,
Theorem 3.4. In an i-f-n-NLS A, a sequence converges to x if and only if
Definition 3.5. A sequence {x n } in an i-f-n-NLS A is said to be Cauchy sequence if given > 0, with 0 < < 1, t > 0 there exists an integer
Theorem 3.6. In an i-f-n-NLS A, every convergent sequence is a Cauchy sequence.
Proof. Let {x n } be a convergent sequence in A. Suppose {x n } converges to x. Let t > 0 and ∈ (0, 1). Choose r ∈ (0, 1) such that (1 − r) * (1 − r) > 1 − and r r < . Since {x n } converges to x, we have an integer n 0 such that
Therefore {x n } is a Cauchy sequence in A.
Definition 3.7. An i-f-n-NLS A is said to be complete if every Cauchy sequence in A is convergent.
The following example shows that there may exist Cauchy sequence in an i-f-n-NLS which is not convergent. N (x, x 2 , . . . , x n , t), M (x 1 , x 2 , . . . , x n , t))|(x 1 , x 2 
r ∈ (0, 1), for all n ≥ n 0 . ⇔ {x n } is a convergent sequence in A. Thus if there exists an n-normed linear space (X, ||•, •, . . . , •||) which is not complete, then the intuitionistic fuzzy n-norm induced by such a crisp n-norm ||•, •, . . . , •|| on an incomplete n-normed linear space X is an incomplete intuitionistic fuzzy n-normed linear space.
Theorem 3.9. Let A be an i-f-n-NLS, such that every Cauchy sequence in A has a convergent subsequence. Then A is complete.
Proof. Let {x n } be a Cauchy sequence in A and {x n k } be a subsequence of {x n } that converges to x. We prove that {x n } converges to x. Let t > 0 and ∈ (0, 1). Choose r ∈ (0, 1) such that (1 − r) * (1 − r) > 1 − and r r < . Since {x n } is a Cauchy sequence, there exists an integer n 0 ∈ N such that
< r r < .
Therefore {x n } converges to x in A and hence it is complete.
Generalized cartesian product of the intuitionistic fuzzy n-normed linear spaces
We now proceed to our new notion of generalized cartesian product of the intuitionistic fuzzy n-normed linear spaces in the following theorem.
be two intuitionistic fuzzy n-normed linear spaces. Then
is an i-f-n-NLS with
and
Proof. As N 1 (x 1 , x 2 , . . . , x n , t)) (1 − N 2 (y 1 , y 2 , . . . , y n , t))
,
) is defined as the dual t-norm with respect to . So, if
then by (2), we have,
Similarly we can verify the other conditions. Thus, A× * , B is an i-f-n-NLS.
Theorem 4.2. The generalized cartesian product of the intuitionistic fuzzy n-normed linear spaces is commutative. In other words if A and B are two intuitionistic fuzzy n-normed linear spaces. Then
Thus, A × * , B = B × * , A. However the converse is not true. For example, let
Theorem 4.3. The generalized cartesian product of the intuitionistic fuzzy nnormed linear spaces is distributive with respect to union and intersections. In other words if
are the intuitionistic fuzzy n-normed linear spaces, then
Proof. We have, y 1 , y 2 , . . . , y n , t), y 1 , y 2 , . . . , y n , t),
So it is enough to prove that,
Then by Definition 2.7,
Therefore by (5) and (6), LHS of (3) 
t).
Therefore by (7) and (8), LHS of (3)
Thus equality holds in (3) . Let
Then by Definition 2.8,
. . , y n , t).
Therefore by (9) and (10), LHS of (4)
By Definition 2.8,
Therefore by (11) and (12) , y 2 , . . . , y n , t)} = RHS of (4).
Thus equality holds in (4). Finally from (3) and (4), we have
Theorem 4.4. The generalized cartesian product of the intuitionistic fuzzy nnormed linear spaces is distributive with respect to difference. In other words if
are the intuitionistic fuzzy n-normed linear spaces, then 
and using the fact
Then by Definition 2.7 and (16), y 2 , . . . , y n , t).
Therefore by (15) and (17), LHS of (13) = N 1 ( x 1 , x 2 Thus equality holds in (13) . Similarly we can prove the equality in (14) .
